I calculate the diffuse flux of electron antineutrinos from all supernovae by imposing compatibility with the SN1987A neutrino data and with the existing constraints on the cosmological rate of core collapse supernovae. For the latter I use observational results on the cosmological star formation rate, taking into account the error on the ratio of the supernova rate and star formation rate. The flux above the SuperKamiokande (SK) energy cut of 19.3 MeV is found to be between 0.02 and 4.3 cm −2 s −1 (∼ 0.03 ÷ 9.0 events/year at SK). Part of this interval is already excluded by the current SK upper limit on the flux of 1.2 cm −2 s −1 . Still, to place constraints on the cosmological supernova rate, water Cerenkov experiments with the same energy threshold should either improve the upper bound down to the level of ∼ 0.3 cm −2 s −1 (∼ 0.5 events/year at SK), or place a lower bound (i.e. evidence of the flux) at or above ∼ 0.2 cm −2 s −1 (∼ 0.4 events/year at SK). These are realistic goals for the next generation Megaton detectors.
Introduction
Neutrinos from core collapse supernovae are unique messengers of information on the physics of supernovae and on the properties of neutrinos. About the former, neutrinos are precious to study events that occur near the core of the star, where matter is opaque to photons: the neutronization due to electron capture, the infall phase, the formation and propagation of the shockwave and the cooling phase. Moreover, they allow to test the cosmological rate of supernova neutrino bursts and thus to probe indirectly the history of star formation. Within neutrino physics, one can learn about the hierarchy (ordering) of the neutrino mass spectrum, about the e-3 entry of the neutrino mixing matrix, about possible non-standard neutrino interactions, existence of sterile states, etc.. The experimental study of supernova neutrinos is challenging in many respects. With current and upcoming neutrino telescopes, two scenarios are possible. The first is the detection of a burst from an individual supernova which is close enough to us to produce a significant event rate in a detector. This limits the candidate stars to those within few hundreds of kiloparsecs from the Earth, where the rate of core collapse is as low as ∼ 2 ÷ 3 per century (see e.g. [1, 2] ). This explains why only one neutrino detection of this type has been recorded so far, in 1987 from SN1987A [3, 4, 5] . The second possibility is to study the diffuse flux of neutrinos from all supernovae. This requires massive detectors with a difficult background rejection [6, 7] or very precise geochemical tests [8, 9] . So far, the searches for this flux have given negative results, and upper limits were put. Among them, the most stringent is given by SuperKamiokande (SK) [6] (see also the results from Kamland, [7] ), on the flux of electron antineutrinos above E = 19.3 MeV in neutrino energy. This limit, at 90% confidence level, is:
and holds for a variety of theoretical inputs [6] 1 . The bound (1) approaches the range of theoretical predictions, and thus motivates the expectation that a positive signal may be seen in the near future, either with more statistics at SK or at the next generation Cerenkov detectors with Megaton volumes (20 times larger than SK) like UNO [10, 11] , HyperKamiokande (HK) [12] , and MEMPHYS [13] .
When assessing the possibility of a future measurement, one should consider that predictions of the diffuse supernova neutrino flux (DSNνF) suffer large uncertainties, due to our poor knowledge of the underlying physics. In particular, there are two sources of theoretical error. One is the uncertain value of the supernova neutrino burst rate (SNR for brevity) as a function of the redshift. This rate can be obtained from the star formation rate (SFR), which in turn can be extracted from the data on optical or far ultraviolet luminosity of galaxies [14, 15, 16, 17, 18] . It can also be constrained from the metal abundances in our local universe (see e.g. the discussion in [19] ). Motivated by theory or by observational results, several authors have focused on combining the calculation of the DSNνF with realistic models of the SNR [20, 21, 22, 23] . Others have investigated the connection with neutrino detection [24, 25, 26, 27, 28, 29, 30] or the possibility to constrain the SNR using the bound (1) [31, 19] .
The second source of error on the DSNνF is the uncertainty on the neutrino fluxes originally produced inside a supernova. To reduce the latter, one can rely on the results of numerical calculations of neutrino transport. This has been done extensively in the calculations of the DSNνF to date. An alternative possibility is to use the only experimental information available, i.e. the spectra of the neutrino events from SN1987A. This method, first proposed by Fukugita and Kawasaki [31] , is the focus of this paper.
Specifically, here I analyze the SN1987A data, taking into account neutrino oscillations, to constrain the neutrino fluxes in the different flavors produced inside the star. I also consider an interval of SNR functions motivated by the recent GALEX results [18] . Finally, for each set of neutrino and SNR parameters in the allowed regions, I calculate the DSNνF. The result is an interval of values that represents the uncertainty on the flux.
This study answers the question of what we can conclude on the DSNνF if we decide to rely solely on experimental information. This question is well defined and the results are important to provide robust guidance for experimental searches of the DSNνF. They are relevant also considering that, as the technology of neutrino telescopes advances, likely the phase of discovery of a supernova neutrino signal will be replaced by a phase of detailed analyses and the consideration of uncertainties on the DSNνF predictions will become necessary.
The text is organized as follows: after a section on generalities (Sec. 2), I present the analysis of the SN1987A data in Sec. 3. The resulting allowed region is combined with the information on the SNR in Sec. 4, to give the final results for the DSNνF. Discussion and conclusions follow in Sec. 5.
Generalities
Core collapse supernovae are the only site in the universe today where the matter density is large enough to have the buildup of a thermal gas of neutrinos. Thanks to their lack of electromagnetic interaction, these neutrinos can diffuse out of the star over a time scale of few seconds, much shorter than the diffusion time of photons. This makes the neutrinos the principal channel of emission of the O(10 53 ) ergs of gravitational energy that is liberated in the collapse. The energy spectrum of each flavor of neutrinos is expected to be thermal near the surface of decoupling from matter, but then it changes due to propagation effects. One of these effects is scattering. Numerical modeling indicates that, after scattering right outside the decoupling region, neutrinos of a given flavor w (w = e, µ, τ ) have energy spectrum [32] :
where E is the neutrino energy, L w is the (time-integrated) luminosity in the species w and E 0w is the average energy of the spectrum. The quantity α w is a numerical parameter, α w ∼ 2 ÷ 5 [32] . The non-electron neutrino flavors, ν µ , ν τ ,ν µ andν τ (each of them denoted as ν x from here on), interact with matter more weakly than ν e andν e , and therefore decouple from matter in a hotter region. This implies that at decoupling ν x has harder spectrum: E 0x > ∼ E 0ē . Numerical calculations confirm this, but still leave open the question of how strong the inequality of energies is and of how energetic the neutrino spectra are. The data from SN1987A are not conclusive on this, as it will appear later. Indicative values of the average energies are: E 0ē ∼ 12÷18 MeV, E 0x ∼ 15÷22 MeV. Here I consider antineutrinos only, since theν e species dominates a detected signal in water, and the contribution of other species is negligible for both the SN1987A data and for a detection of the DSNνF.
The second important effect of propagation on neutrinos is that of flavor conversion (oscillations). Conversion occurs at matter density of ∼ 10
or smaller (see e.g. [33] ), where scattering is negligible, due to the interplay of neutrino masses, flavor mixing and coherent interaction of neutrinos with the medium [34] Thus, the flux ofν e of energy E in a detector is a linear combination of the original fluxes in the three flavors:
where I take into account the redshift z: here E ′ = E(1 + z). The factor Pwē(E, z) is the probability that an antineutrino produced asν w is detected asν e ; it describes the conversion inside the star and in the Earth and depends on the neutrino mixing matrix and mass spectrum. In particular, the conversion inside the star depends on the mass hierarchy (i.e. the sign of the atmospheric mass splitting, ∆m 2 31 ) and on the mixing angle θ 13 (assuming the standard parameterization of the mixing matrix, see e.g. [35] ). For inverted mass hierarchy (∆m 2 31 < 0) the propagation ofν e is adiabatic if sin 2 θ 13 > ∼ 10 −4 [33, 36] , resulting in a complete permutation of fluxes: Pμē + Pτē = 1. In all the other cases (normal mass hierarchy and/or smaller θ 13 ) the permutation is only partial. I refer to the literature for more details [33, 36, 37] .
The contribution of individual supernovae at different redshifts z to the DSNνF at Earth is determined by the cosmic rate of supernova neutrino bursts, R SN (z). This rate is found from the SFR once one knows the Initial Mass Function (IMF) and the interval of stellar mass for which a star explodes as core collapse supernova and emits neutrinos. Following [27] , I use the Salpeter IMF, φ(m) ∝ m −2.35 , with a lower cutoff around 0.5M ⊙ (here M ⊙ = 1.988·10
30
Kg is the mass of the Sun). The mass interval is determined by the mass M 1 above which carbon is burned inside the star (see e.g. [38] ) and by the mass M 2 above which the star collapses into a black hole before it can emit neutri-nos. These masses are uncertain: [38] and references therein). If the SFR is expressed as the mass that forms in the unit of comoving volume in the unit time, R SF (z), one gets:
where the interval of values of f 1,2 reflects the uncertainty on M 1 and M 2 . The data available on the SFR are consistent with the broken power law [18] :
with the spread:
which is dominated by the uncertainty on light extinction [18] .
By combining the flux from an individual supernova with the rate of supernovae one finds the flux ofν e (differential in energy, surface and time) in a detector at Earth (see e.g. [27] ):
Here Ω m and Ω Λ are the fraction of the cosmic energy density in matter and dark energy respectively; c is the speed of light and H 0 is the Hubble constant.
The expression (7) is an approximation, because it does not include a number of potentially relevant -but not well known -effects. One of these is the individual variations in the neutrino fluxes emitted, from one star to another, due to different progenitor mass and type, different amount of rotation and of convection, etc.. How large these variations can be is still an open question. Experimentally, an answer will come by comparing the SN1987A data with those of a future nearby supernova. Theoretical studies are not systematic enough to give a correction to Eq. (7). They hint toward little variation in the spectral shapes of the neutrinos, with possible variations by up to a factor of two in luminosity depending on the mass of the progenitor star [39] . A second effect not included in Eq. (7) is the deviation from the continuum limit in the supernova rate, due to supernova explosions in a radius of few Megaparsecs from Earth. These could influence the number of events recorded in the space of a few years [2, 40] 2 and constitute an indirect motivation for studying the flux in the continuum limit: indeed, to be able to subtract the contribution of this flux from an observed signal would be important to conclude about a possible supernova event in our galactic neighborhood.
3 Neutrino flux from an individual supernova: SN1987A
As follows from Sec. 2 (Eq. (7)), the DSNνF in a detector depends on two sets of parameters. The first refers to the original spectra of the neutrinos and to conversion effects, while the second describes the SNR function, R SN (z). In this section I discuss the constraints on the first set of variables by analyzing the SN1987A data. These constraints will be used later in the calculation of the DSNνF.
As input, I adopted the twelve data points from Kamiokande-II [3, 4] and the eight events from IMB [5] , with their errors as published. I assumed that all these events are due to the inverse beta decayν e +p → n + e + . I took the distance to SN1987A to be d 87 = 50 ± 5 kpc [41] . This error gives a 20% uncertainty on the neutrino luminosity; it is neglected in this section for simplicity, but included in the determination of the DSNνF, Sec. 4. The procedure to calculate the signal at Kamiokande-II and IMB given a set of parameters follows that of ref. [42] . The parameters subject to scan were five: two luminosities, Lē, L x , two average energies E 0ē , E 0x , and the mixing angle θ 13 .
I have assumed tan 2 θ 12 = 0.45, ∆m 2 21 = 8 · 10 −5 eV 2 , as it is given by solar neutrinos and KamLAND (see e.g. [43, 44] ), |∆m 2 31 | = 2.5 · 10 −3 eV 2 from atmospheric neutrinos and K2K [45, 46, 47] , and the inverted mass hierarchy. The choice to fix the inverted hierarchy and scan over θ 13 includes effectively the case of normal hierarchy, since for the latter the conversion of antineutrinos is identical to that with inverted hierarchy and complete adiabaticity breaking in the higher density MSW resonance [33, 36] . For definiteness, I fixed αē = α x = 2.3, which give a spectral shape close to Fermi-Dirac, and therefore allow a meaningful comparison with several other SN1987A data analyses.
I parameterized the density profile of the progenitor star (necessary to calculate the matter-driven flavor conversion) as ρ(r) = 4·10
13 (10 Km/r) 3 g · cm −3 , with r being the radial distance from the center. For simplicity, I ignored the uncertainty on ρ(r), as well as those in the values of the solar and atmospheric oscillation parameters. The inclusion of these uncertainties has no appreciable effect on the final results for the DSNνF. I have not included late time shock-wave effects [48] , as their impact on a time integrated signal is negligible with respect to the large statistical errors and other uncertainties (see e.g. [25] for this particular aspect). The experimental parameters, such as efficiency curves and energy resolution functions, are as in [42] , and the detection cross section was taken from [49] .
Given the sparseness of the data, the maximum likelihood method of analysis is the most appropriate. To obtain the likelihood function, L(E 0ē , E 0x , Lē, L x , sin 2 θ 13 ), I followed the paper by Jegerlehner, Neubig and Raffelt [50] . Once the point of maximum likelihood (L max ) has been found, the five-dimensional region of parameters that are allowed at a given confidence level (C.L.) is given by:
where χ 5 = 5.86, 9.24, 15.09 for 68, 90, 99% C.L. The scan was performed in the five-dimensional box given by E 0ē = 3 ÷ 30 MeV, E 0x = 3 ÷ 30 MeV, Lē = (1.5 ÷ 45) · 10 52 ergs, L x = (1.5 ÷ 45) · 10 52 ergs, sin 2 θ 13 = 10 −7 ÷ 10 −2 . The latter interval covers all the possibilities of spectrum permutation due to conversion in the star [36] . No hierarchy of neutrino spectra was imposed a priori. Results with certain priors will be discussed briefly later.
The results are presented in Fig. 1 . There I give the projections on the E 0ē −E 0x and E 0x − L x planes of the 5D allowed regions given by Eq. (8) for different confidence levels, together with the projections of the point of maximum likelihood. Fig. 1 . Projections of the 68%,90%,99% C.L. regions allowed by the SN1987A data on the planes E 0ē −E 0x and E 0x −L x . The stars mark the projections of the point of maximum likelihood, which is realized for sin 2 θ 13 = 10 −4 and Lē = 2.25 · 10 53 ergs. The entire plane E 0ē − Lē (not shown) is allowed at 68% C.L..
The figure shows that a rather large portion of the parameter space is allowed, with better sensitivity to the ν x flux with respect to theν e one. Theν e flux is completely unconstrained, due to the possibility that the mass hierarchy be inverted with perfectly adiabatic conversion (sin 2 θ > ∼ f ew · 10 −4 ) inside the star. Under such conditions the originalν e flux is completely converted into ν x and does not affect the observedν e signal.
How does the allowed region in Fig. 1 ). This combination describes, most likely, an unphysical scenario, with too large a luminosity and a "wrong" hierarchy of energies (see Sec. 2). This is of no concern, since the allowed region is wide and includes physically plausible situations. Furthermore, the likelihood function has an almost flat direction, along which the likelihood is only infinitesimally smaller than at the point of maximum. This direction is realized when the spectrum of the neutrinos in the detector is an admixture of the originalν e and ν x fluxes, corresponding to normal hierarchy (regardless of the value of θ 13 ) or inverted hierarchy with some degree of adiabaticity breaking that depends on the neutrino energy and on θ 13 , for sin 2 θ 13 < ∼ 10 −4 . This confirms the findings of refs. [51, 52, 42] . An example of a point on the flat direction is (E 0ē , E 0x , Lē, L x , sin 2 θ 13 )=(5.0 MeV, 15.0 MeV, 24.0 · 10 52 ergs, 7.5 · 10 52 ergs, 10 −7 ).
One may wonder how the results change with certain "naturalness" priors. As a test, I imposed the conditions E 0ē < E 0x and Lē = (0.5 ÷ 2)L x . In this case the projection of the allowed region in the E 0ē − E 0x plane becomes much more restricted, allowing a maximum E 0ē of ∼ 18 MeV and a maximum E 0x of ∼ 28 MeV. The point of maximum likelihood is (E 0ē , E 0x , Lē, L x , sin 2 θ 13 ) = (5.0 MeV, 14.0 MeV, 19.5 · 10 52 ergs, 10.5 · 10 52 ergs, 10 −7 ). By further limiting the analysis to equal luminosities, Lē = L x , and fixed ratio of average energies, I recover the results of the previous two-parameters analyses, e.g. [50] .
Diffuse neutrino flux: results
Even if we knew θ 13 and theν e , ν x spectra with extreme precision, the value of the DSNνF would have a residual uncertainty due to our poor knowledge of the SNR. Thus, to find the interval of possible values of the DSNνF one should vary both the neutrino parameters and, independently, the parameters describing the SNR in their allowed region. For the former I take the 99% C.L. region from SN1987A found in Sec. 3, while for the latter I use Eqs. (4) and (5) with the 1 σ region of α and β given in ref. [18] (see Fig. 5 there). I also apply the uncertainty on the overall factor R SF (0), Eq. (6), as well as the 20% error on the neutrino luminosity due to the uncertain distance to SN1987A, Sec. 3. I adopted z max = 5, as the contribution of supernovae at larger redshifts is less than ∼ 20% of the full DSNνF and is a negligible fraction of the flux above realistic detection thresholds [27] .
I took the fiducial volume of SK of 22.5 kilotons, and three cuts in the neutrino energy: E > 19.3, 11.3, 5.3 MeV. The first corresponds to the threshold applied in the search of the DSNνF at SK [6] , while the second represents a potential improvement that SK could achieve with the proposed Gadolinium doping [56] . The last cut, E > 5.3 MeV, is the technical limit given by the photomultipliers distribution in the SK tank and would apply only in the -currently unfeasible -case of complete background subtraction.
I included the effects of neutrino flavor conversion inside the star and inside the Earth. For the latter, I used a realistic matter density profile [57] . In the assumption of isotropic DSNνF, I integrated the Earth effects over the zenith angle, considering that only half of the neutrinos travel through the Earth. The oscillations in the Earth depend on the original neutrino spectra and on θ 13 [33] ; they may change the amount of permutation between theν e and the ν x fluxes by tens of per cent [42] , and therefore they are quantitatively important.
The results are summarized in Table 1 for both theν e flux and the corresponding event rate at SK. For illustration, the Table gives also the intervals of the flux and of the rate found with the neutrino spectra fixed at the point of maximum likelihood of the SN1987A analysis. One can see that both the DSNνF and the event rate have more than two orders of magnitude uncertainty. Roughly, this very large error breaks down into the following factors: (i) ∼ 10 from the neutrino spectra and luminosities (including spectral modifications due to oscillations), (ii) ∼ 3.5 due to the SFR, (iii) ∼ 5 from the uncertain Table 1 The flux ofν e in a detector for different energy thresholds, both for the case when the neutrino parameters are varied inside the SN1987A allowed region and for the case of parameters fixed at the point of maximum likelihood of SN1987A. The corresponding event rates at SK are given in brackets.
mass cut, Eq. (4), (iv) ∼ 1.2 from the uncertain distance to SN1987A. This tells us that to improve the knowledge of the neutrino spectra and of the mass cut is most crucial for a more precise prediction of the DSNνF.
With the current SK bound, Eq. (1), the error on the DSNνF is reduced. While a consistent inclusion of this bound would require a reanalysis of the SK datawhich is beyond the scope of this work -, it is useful to give the reduced errors obtained by simply imposing the inequality (1) as a cut in my calculation. I find that this condition implies a rate of less than ∼ 3.0 events/year at SK with the present threshold. With lower thresholds, the flux is much higherand therefore the event rates are more promising -since those thresholds are near or below the average energies of the neutrinos and therefore they capture most of the DSNνF. The upper limits on the flux are: Φ(E > 11. From these numbers and from the Table 1 it appears that a goal of one event per year can be achieved even with the lowest SNR by using an energy threshold of 11.3 MeV and a (fiducial) volume of water of about ten times the one of SK. A volume five times larger would suffice if a 5.3 MeV threshold becomes feasible 4 . At a 1 Megaton detector the event rate is between ∼ 0.7 and ∼ 60 events/year (assuming a fiducial volume 20 times larger than the one of SK) with the 19.3 MeV threshold, and thus to find evidence of the DSNνF there is a concrete possibility (see also [58] for this).
One may wonder whether the combination of my results with the current SK limit, Eq. (1), allows to extract a constraint either on the neutrino parameters or on the SNR ones. The answer is negative 5 : for every set of neutrino parameters there exist a choice of f 1,2 , α, β and R SF (0) in the allowed region for which the SK limit is fulfilled, and vice versa, in the case the SNR parameters are fixed. Only certain very specific combinations of large SNR and large neutrino fluxes are excluded. Then, how much should the experimental sensitivity improve, to allow to constrain the SNR? With the current SK threshold and no improvements on the knowledge of the neutrino spectra I find that an upper bound on theν e flux or on the number of events at SK must be at least at the level of
to exclude the largest SNR allowed (e.g. the combination f 1,2 = 0.0233, α = 0.0, β = 3.5, R SF (0) = 10 −1.6 M ⊙ yr −1 Mpc −3 , see [18] ) . Similarly, the smaller allowed SNR (e.g. the combination f 1,2 = 0.0066, α = 1.0, β = 1.4, R SF (0) = 10 −1.9 M ⊙ yr −1 Mpc −3 , see [18] ) is excluded if evidence is obtained at or above
The values (9) and (10) correspond to ∼ 9 ÷ 10 events/year in a 1 Megaton detector. Thus, the goal of constraining the cosmological SNR with neutrinos at the next generation water Cerenkov experiments [10, 12, 13] is excitingly realistic.
For the other two thresholds used in this work, 11.3 MeV and 5.3 MeV, the critical values (9) and (10) become Φ up ≃ 2.9, 25.4 cm −2 s −1 and Φ evid ≃ 1.24, 9.9 cm −2 s −1 respectively. In terms of event rates I get N up ≃ 2.3, 3.9 yr
and N evid ≃ 0.94, 1.23 yr −1 .
Discussion and conclusions
Before concluding, some remarks are in order. First, the results given here are valid if the SN1987A neutrino flux is typical and thus represents a generic output of a core collapse supernova. Whether this is true remains an open question, given the little that we know on the neutrino spectra formation inside a supernova.
Another relevant question is how the interval of values of the DSNνF depends on the details of the analysis of the SN1987A data, and, in particular, on possible priors on the neutrino parameters. I checked that the results have little dependence on those. For example, the interval for the flux above 19.3 MeV (see Table 1 ) is unchanged if I impose (simultaneously) the constraints: 10 MeV < E 0ē < 20 MeV, E 0ē < E x and 0.5 < Lē/L x < 2. This is explained with the parameter space being largely degenerate, so that a restricted portion of it still covers almost all the physically different possibilities. For the same reasons the results are also practically insensitive to different parameterizations of the original fluxes (e.g., different αē and/or α x ) 6 .
How does this work compare to others in the field? As a result of my rather conservative approach, the interval of possible values of the DSNνF found here is larger than what has been given by other authors. Fig. 2 confirms this, by presenting the results of different papers for the DSNνF (ν e component only) above 19.3 MeV, with the interval of uncertainty associated to it. The authors quoted in the figure are only a small sample of all those that have calculated the DSNνF; they were chosen for illustration purpose and because their results can be directly compared to each other's and to mine. Each of them used spectra from a number of numerical simulations, and gave a tentative uncertainty on their result, associated with the lack of consensus on numerical codes and with the error on the SNR. , [23] (upper bound only), [28, 27] , [26] and this work) for the flux ofν e above a threshold of 19.3 MeV (in neutrino energy). The SK limit is shown as well (dashed line).
From the figure it appears that this work is the only one which allows a DSNνF smaller than ∼ 0.1 cm −2 s −1 . A comparison in terms of event rates is not always possible. Still, an indication can be offered by the table 3 in ref. [27] , from which it emerges that my results allow rates up to a factor of six smaller than the most conservative result there.
Let me summarize this work. With a maximum likelihood analysis, I have found the region of neutrino energies and luminosities compatible with the SN1987A data. The extent of this region is such that a test of calculations of neutrino transport is not possible. I have calculated theν e component of the DSNνF in a detector and the uncertainty on it, together with the corresponding event rate at SK. The uncertainty on the DSNνF is a result of varying both the neutrino parameters and the SNR parameters in their allowed regions. For the neutrino parameters, I took the SN1987A allowed region. For the SNR, I used the proportionality between SNR and SFR, with the uncertainty on the mass cut, Eq. (4). The allowed region for the SFR parameters was taken from the GALEX analysis [18] . The results (Table 1) show that the DSNνF above the current SK energy threshold of 19.3 MeV can as well be near the current upper limit, Eq. (1), or a factor of ∼ 60 smaller, well below the SK sensitivity. Still, with the same threshold the flux would likely be visible at Megaton Cerenkov detectors, with a rate ranging from ∼ 0.7 to ∼ 60 events/year. To start constraining the SNR, these detectors have to reach an upper bound at the level of ∼ 10 events/year (∼ 0.5 event/year at SK, Eq. (9)), unless evidence is found above that point. The event rate increases rapidly with the lowering of the energy threshold, and therefore any effort in this direction would be highly desirable.
